The synthesis of methyl 4-(methoxymethyl)furo[3,2-b]pyrrole-5-carboxylate (1d) and methyl 2-formyl-4-(methoxymethyl)furo[3,2-b]pyrrole-5-carboxylate (2d) is described. The effect of microwave irradiation on the condensation reactions of methyl 2-formylfuro[3,2-b]pyrrole-5-carboxylates 2a-2d and methyl 2-formylfuro[2,3-b]pyrrole-5-carboxylates 3a-3d with active methylene compounds as are: 2-thioxothiazolidine-4-one (rhodanine), 2-thioxoimidazolidine-4-one (thiohydantoine), and 3-amino-2-thioxothiazolidine-4-one (3-aminorhodanine) was studied and compared with "classical" conditions. The results show that microwave irradiation shortens the reaction time while maintaining comparable yields.
Introduction
Investigations of indole (furopyrroles, thienopyrroles) isosters, in which the benzene ring is replaced by furan or thiophene ring, have resulted in the discovery of many biologically active compounds. 1 Therefore, efficient synthetic routes to these types of heterocycle are of great interest. 1 In continuation of our program aimed at developing efficient syntheses of fused oxygen-nitrogen containing heterocycles we have reported the use of substituted furo [3,2-b] and furo [2,3-b] pyrroles in the synthesis. [2] [3] [4] [5] [6] [7] [8] In our previous studies, 6 comparing the course of Diels-at C2 results in the reactivity of both systems being comparable.
The aim of this study was to synthesise some new condensation products of furo [3,2-b] pyrrole (2) and furo [2,3-b] pyrrole-type aldehydes (3) by reaction with active methylene compounds (Schemes 2 and 3) and to compare the "classical" method with the effect of microwave irradiation and to find conditions in to increase the yield of the condensations. As it was shown before, 9 microwave irradiation can shorten the duration of condensation reactions. For example condensations of thiohydantoin with aromatic aldehydes without solvents 10 and substituted 3-formylchromones in acetic anhydride 11 under microwave irradiation have been described. Results and Discussion In our previous paper 2 , we described the preparation of 1b and 1c from methyl 4H-furo [3,2- b]pyrrole-5-carboxylate (1a) under phase transfer catalysis conditions and the formylation of these compounds under conditions of the Vilsmeier reaction. This paper presents a synthesis of methyl 6-(methoxymethyl)furo [3,2-b] pyrrole-5-carboxylate (1d), which was obtained more effectively by direct substitution of in situ prepared sodium salt of 1a in DMF, and its formylation under the condition used in ref. 2 In this reaction, 2-formylated product 2d was Methyl 2-(4-oxo-2-thioxothiazolidin-5-ylidene)methyl-4H-furo[3,2-b]pyrrole-5-carboxylate (4a) and its 4-Me, 4-Bn and 4-MOM derivatives 4b-4d were obtained by reactions of 2a-2d with 2-thioxothiazolidine-4-one (rhodanine) in acetic acid in the presence of freshly fused potassium acetate (Scheme 2).
Scheme 2
Analogously 3a-3d gave 8a-8d (Scheme 3). 2a and 2c were used for the preparation of 4a and 4d using microwave irradiation. Although the yields by both methods were almost the same, the reactions in a microwave oven were considerably faster. Methyl 2-(4-oxo-2-thioxoimidazolidin-5-ylidene)methyl-4H-furo[3,2-b]pyrro-le-5-carboxylate (5a) and its 4-Me, 4-Bn and 4-MOM derivatives 5b-5d were obtained by reactions of 2a-2d with 2-thioxoimidazolidine-4-one (thiohydantoine) in a mixture of toluene with DMF in the presence of freshly fused potassium acetate (Scheme 2). 3a-3d similarly gave 9a-9d (Scheme 3). Compounds 5b, 9b and 9d were prepared using microwave irradiation.
The reactions of compounds 2a-2d and 3a-3d with 3-amino-2-thioxothiazolidine-4-one (3-aminohydantoin) were studied in various conditions. All synthesised compounds are stable solids, which are rather sparingly soluble in common solvents, and with high melting points. The structures of the studied compounds have been confirmed by 1 H NMR spectra, which display signals of furo [3,2-b] pyrrole and furo [2,3-b] pyrrole protons, respectively and the double bond H-7 signals.
In conclusion, we can state, on the basis of the present studies and our previous reaction studies of both fused ring systems, that the 1,4-system is more stable than its 1,6 positional isomer. In the described experiments we ascertained that if the formyl group occupies the C2 position, the reactivity as well as stability of both systems is comparable. We noticed a remarkable difference in solubility of the two types of aldehyde. Compounds 3a-3d are less soluble than 2a-2d. This observation can be explained by the 1,4-system having a significantly larger calculated dipole moment, 5 which may result in the greater solubility. Although the yields by both "classical" and microwave oven procedures were almost the same, the reactions in a microwave oven were faster.
Experimental Section
General Procedures. 
Methyl 2-(3-amino-4-oxo-2-thioxothiazolidin-5-ylidene)methyl-4H-furo[3,2-b]pyrrole-5-carboxylate (6a)
. 2a (0.4 g, 2 mmol) and 3-amino-2-thioxothiazolidine-4-one (0.296 g, 2 mmol) were dissolved in toluene (10 mL) and potassium acetate (0.2 g, 2 mmol) was added into the refluxing mixture. After 5 h reflux into the cold reaction mixture was added ethanol (5 mL) and fine crystals were filtered off, washed with cold EtOH and crystallised from toluene to give 80%of 6a, m.p. Methyl 4-methoxymethyl-2-(3-amino-4-oxo-2-thioxothiazolidin-5-ylidene)methylfuro[3,2 Synthesis of 4a, 4c, 5b, 7d, 9b, 11c. Reactions in microwave oven A mixture of the corresponding aldehyde 2 or 3 (2 mmol), 2-thioxothiazolidine-4-one (or 2-thioxoimidazolidine-4-one or 3-amino-2-thioxothiazolidine-4-one) (2 mmol) in dry acetic acid anhydride (2 mL) in the presence of freshly fused potassium acetate
